Introduction and Aims. Opioid overdose fatalities are a significant concern globally. Non-fatal overdoses have been described as a strong predictor for future overdoses, and are often attended by the ambulance services. This paper explores characteristics associated with non-fatal overdoses and aims to identify possible trends among these events in an urban area in Norway. Design and Methods. This is a retrospective analysis of non-fatal overdoses from Bergen ambulance services from 2012 to 2013. Demographic, temporal and geographic data were explored. Results. During the two years, 463 non-fatal opioid overdoses were attended by ambulance services. Ambulance call-outs occurred primarily during the late afternoon and evening hours of weekdays. Summer months had more overdoses than other seasons, with a peak in August. Overdoses were nearly twice as likely to occur in a public location in August (risk ratio 1.92, P = 0.042). Ambulance response times were more likely to be longer to private locations, and these victims were more likely to be treated and left at the scene. There was no difference in arrival time for drug-related and non-drug related dispatch. Discussion and Conclusions. The temporal patterns suggest that non-fatal overdoses occur during nonrecreational time periods. The longer ambulance response time and disposition for private addresses indicate potential opportunities for peer interventions. Our analysis describes circumstances surrounding non-fatal overdoses and can be useful in guiding relevant, targeted prevention interventions. [Madah-Amiri D, Clausen T, Myrmel L, Brattebø G, Lobmaier P. Circumstances surrounding non-fatal opioid overdoses attended by ambulance services. Drug Alcohol Rev 2017;36: [288][289][290][291][292][293][294] 
Introduction
There are estimated to be over one million problem drug users in Europe, many who face severe burdens associated with their disease [1] . Opioid overdose fatalities are the most serious consequence of drug use, and northern Europe and Scandinavia are particularly affected [1] . Annual fatality rates in Norway are estimated to be around 70 per million, as compared to the European mean estimate of 17 deaths per million [1] . Further, Norway's second largest city, Bergen, experienced an annual drug fatality rate of 119 per million during 2012 and 2013, with 80-90% being opioid related [2, 3] . Given that these alarming fatality rates are the highest in the country, monitoring and prevention efforts in the region are needed.
Of all opioid overdoses, approximately 5% are fatal [4, 5] . Non-fatal opioid overdoses make up a majority of overdoses experienced, and have severe implications for people who inject drugs (PWID) [6] . Between 17 and 68% of PWID experience and 50 and 96% witness an overdose in their lifetime [6] . Non-fatal opioid overdose victims face high rates of morbidity following an overdose, including broken bones, head injuries, neuropathy and paralysis [7] . Furthermore, non-fatal overdoses have been described as a predictor for future fatal opioid overdoses [8] [9] [10] .
Fatal opioid overdoses are primarily reported through direct measures, such as police reports and mortality registries. This method results in a significant time lag before reports are made public. The Norwegian annual cause-of-death reports present data on incidents that occurred from one to two years after the actual event. Hence, this information may not necessarily represent the current trends surrounding drug use and overdose patterns. Additionally, this information only describes fatalities deemed as a result of illicit drug use. Whether from underreporting, surveys subject to bias or a lack of a systematic reporting database, adequate information on non-fatal opioid overdoses in Norway is lacking.
Addressing the opioid overdose epidemic requires the utilisation of public health measures, including the use of local data to target interventions [11] . Information from ambulance records has been used to understand patterns associated with various drug related emergencies, such as γ-hydroxybutyric acid (GHB) overdoses, pharmaceutical drug misuse, cannabis and volatile substance use. As demonstrated in these studies, ambulance information can be useful to guide and evaluate prevention services on a local level. Studies from Australia [12, 13] , the United States [14] [15] [16] and Europe [17] [18] [19] have used ambulance data to examine opioid overdoses locally, and have also contributed globally to developing an evidence base to better understand the global diversity in practices and outcomes.
Drug use patterns and treatment responses vary across the world, and it is therefore necessary to have estimates from a variety of settings to better understand mechanisms of actions that can be targeted with prevention measures. In Dublin, opioid overdose hotspots determined from ambulance calls identified areas of increased incidence, giving guidance for prevention programs in the most affected areas [19] . Australia has extensive data collection and monitoring of drug related ambulance attendances, which have relevance for influencing public health programs and health policy [20] . These epidemiological studies have provided the necessary data to guide and eventually evaluate the effect of prevention efforts. Although Bergen, Norway experiences some of the highest rates of fatal drug overdoses per population globally, prior local ambulance monitoring studies have not been conducted.
This study examined characteristics of non-fatal overdoses attended by emergency medical services (EMS) in Bergen, Norway from 2012 to 2013 by retrospectively reviewing ambulance records. The aim of this study was to: (i) describe the demographic, temporal and geographic conditions surrounding non-fatal opioid overdoses; and (ii) investigate possible trends among these cases.
Methods

Setting
There are estimated to be between 7000 and 10 000 PWID in Norway [21] . There were more than 7400 clients enrolled in opioid maintenance treatment in 2014, yet large numbers are still outside of formal treatment [22] . Heroin is the most commonly reported injected drug [21] , and for heroin users, injection is the preferred route of administration [23] . Despite access to treatment in the target population, overdose fatalities remain high in the society and are highest among those outside of formal treatment.
Bergen is the second largest city in Norway, with a population of approximately 270 000 [3] . Although smaller in size than the capital city of Oslo, in recent years Bergen has experienced more drug-induced deaths per population [2] .
Study design
The study was a retrospective analysis of non-fatal opioid overdoses attended by Bergen EMS from 1 January 2012 to 31 December 2013.
Bergen Emergency Medical Services
The Bergen EMS attend to approximately 31 000 emergency calls annually and use standardised paper records for documentation on all patients. Documentation in these forms includes patient demographics, clinical and treatment information, and details of disposition after treatment.
Every ambulance call is dispatched by the Bergen emergency medical dispatch centre, which collects information on the caller, location, various time variables, the patient's response to treatment and where the patient is admitted in an electronic database.
The ambulance crews are equipped with naloxone, an opioid antagonist that reverses the effects of an opioid overdose. Treatment protocols include the use of this drug for a suspected opioid overdose. Indication for treatment includes reduced consciousness, respiratory depression and decreased pupil size.
Case selection
Opioid overdose victims typically present with decreased respiratory rate and loss of consciousness [24] . A positive response following naloxone administration has been used by others as an indication of an opioid overdose [25] , and was used for case selection in this study. Cases were included if a positive response (increased respiratory rate) followed naloxone administration by the ambulance staff. Cases were excluded if the patient did not respond to naloxone, or if the patient did not survive.
Possible opioid overdoses were identified through the emergency medical dispatch centre electronic data base based on caller information and ambulance feedback. In addition, all ambulance records coded as an 'acute response' were screened for possible opioid overdoses. The data from the records on suspected opioid overdoses were reviewed manually. Each entry represents an independent opioid overdose event; hence, the number of overdosing individuals was not analysed.
Exposure measures
When not treated as outcome measures, several key variables were considered exposure measures. These included: demographic, temporal and location measures; time from call until arrival; caller-reported symptoms and disposition after treatment.
Outcome measures
These measures included the overdose location (public or private), time from dispatch until ambulance arrival (less than or more than 10 min) and the disposition for the victim (being transported for further treatment or left at the scene).
Data analysis
Statistical analyses were conducted using SPSS Version 22.0. Age differences among genders were tested using the independent samples t-test. χ 2 tests were used to analyse differences between days of the week, months of the year, and to explore the relationship between ambulance arrival times and the symptoms reported (drug related and non-drug related). Analysis of variance was used to compare the age of the victim during the various months. Cox regression was used to analyse categorical outcomes [26] .
Ethics
This study was approved by the Norwegian Data Protection Official for Research and the Regional Ethics Committee.
Results
Demographic data
During the 2 year period the Bergen EMS successfully treated 463 patients with suspected opioid overdoses with naloxone. The yearly incidence of non-fatal opioid overdoses was estimated to be approximately 84 per 100 000 population. Table 1 shows the main characteristics of the victims. There were significantly more males (n = 313, 67.6%) than females (n = 105, 22.7%). Ages ranged from 17 to 63 years (M = 32.8, SD = 9.42), and was not statistically different between men (M = 33, SD = 9.42) and women (M = 32.4, SD = 9.52; P = 0.632).
Temporal data
Time of day, week day and month of year were analysed. Non-fatal opioid overdoses were categorised by day of the week and hour of the day (Figure 1 ). The patterns generally followed normal sleep-wake cycles, with the fewest occurring from 4:00 until 9:00 in the morning. The majority occurred during late afternoon and evening hours, with the highest occurrences between the hours of 16:00 and 17:00 (n = 36, 7.8%) and 20:00 and 21:00 (n = 34, 7.3%). There was no significant difference for calls among the different days of the week (P = 0.08). The majority occurred on weekdays, with the fewest occurring on Fridays (n = 59, 12.7%) and Sundays (n = 48, 10.4%) ( Table 1) .
There was a statistically significant difference for non-fatal opioid overdoses among the various months (P < 0.001). August had the most overdoses during the two years (n = 71, 15.3%) with the lowest rates in April (n = 16, 3.5%) ( Table 1 ). The monthly average the 2 year period was 19.3, totally approximately 232 non-fatal opioid overdoses a year ( Table 1 ). The age of the victim was not significantly different for the various months (P = 0.137).
Geographical location
Ambulance pick-up locations were categorised into either being public or private. Public pick-up locations included: indoor and outdoor public spaces (n = 223, 48.2%), a popular low-threshold facility (n = 25, 5.4%), medical facilities (n = 10, 2.2%) and other locations (n = 3, 0.6%). Private locations included private homes (n = 176, 38%) and overnight housing facilities (n = 26, 5.6%) ( Table 1) . Non-fatal opioid overdoses in public locations peaked in August (Figure 2 ). These represented nearly 20% of the total non-fatal opioid overdoses in public places for the period. In multivariable model (adjusting for age, gender and month), assessing factors associated with overdosing in a public location, overdosing in August was the only significant finding in the model (risk ratio 1.92, P = 0.042, 95% confidence interval 1.024, 3.618) ( Table 2) .
Ambulance response time
The ambulance response time ranged from 1.7 to 51 min, with median response time of 6.9 min. The response times were split into three groups (less than 5 min, 5-10 min more than 10 min), and nearly half (n = 204, 44.1%) arrived within 5-10 min (Table 1 ). In 23.3% (n = 108) of the cases the ambulance arrived in less than 5 min, and took more than 10 min for 18.4% (n = 85) of the cases. Information was missing for the remaining (n = 66, 14.3%). The strongest predictor of longer response times (more than 10 min) was dispatch to a private home (risk ratio 1.66, P = 0.03, 95% confidence interval 1.053, 2.602) in an adjusted model (gender, month and pick-up location). The majority of callers reported that victims were unconscious (n = 279, 60.3%) or suffered from reduced consciousness (n = 79, 17.1%). Ambulance response time was not significantly different for drug-related ('intoxicated') and nondrug-related ('unconscious, reduced consciousness, respiratory or cardiac problems and other') dispatch (P = 0.692).
Overall, disposition after treatment was approximately evenly split between being left at the scene following treatment (n = 226, 48.8%) and taken to a medical facility for further follow-up (n = 237, 51.2%). Of those that were picked up from a public location, 41.4% (n = 108) were left at the scene and 58.6% (n = 153) were transported further. The strongest predictor of being left at the scene was having overdosed at a private location (risk ratio 1.47, P = 0.009, 95% confidence interval 1.100, 1.956) in a regression model adjusting for age, gender, month and pick-up location.
Discussion
Through analysis of available ambulance records, we have described circumstances surrounding non-fatal opioid overdoses in Bergen, Norway. Non-fatal opioid overdoses occurred most often in the evening, with no increase seen on the weekends. Summer months had higher rates than the other seasons, with an almost doubled risk during August. Ambulance response times differed for public and private locations, yet we found no difference for drug-related and non-drug-related dispatch.
Demographic data
Gender and age distribution was similar to previous studies [12, 13, 18, 27] . This is similar to the gender distribution assumed among people in opioid maintenance treatment [28] , demonstrating little risk difference among the genders [1] . Although there is reported to be an ageing population in Norway, our average age was similar to a previous Norwegian study from 1999 [27] .
Temporal trends
Our study found that the majority of non-fatal opioid overdoses occurred in the late afternoon and evenings, with consistently high rates during the weekdays. This is similar to other studies [12] , demonstrating that non-fatal opioid overdose patterns do not follow a late-night weekend peak seen with volatile substances [29] , GHB [30] and ecstasy-related overdoses [31] . This weekday pattern suggests that non-fatal opioid overdoses are non-recreational in origin, and may primarily occur with daily users.
Similar to a seasonal peak described by others [16] , this study found the majority of overdoses happened during the summer, peaking in August. In particular, we found a sharp increase in overdoses in public locations in August. In Norway, this corresponds with a 'drug holiday' phenomenon, where residents from more rural areas in the country come to the cities to purchase and ingest drugs during the summer month of August. A previous study has shown that nearly 30% of overdose fatalities that occur in the city are non-residents, supporting this possible migration pattern with a seasonal twist [32] . This means an extra responsibility for cities experiencing such influx to provide PWID with low-threshold interventions and services. Moreover, these findings demonstrate the need for regions experiencing high rates of overdoses to examine their local temporal patterns in order to prepare appropriately.
Location
The location for ambulance dispatch differed when compared to previous studies [13, 14] . In Rhode Island, Merchant et al. reported 71% to a private residence, where we found only 43.6% were to a private residence. This may be explained by the use of drugs in the 'open drug scene' park instead of in a private residence. Ambulance response times to a private residence were more likely to be longer than to public locations, likely because private address could be suburban, whereas public locations for drug consumption mainly remained central. In addition, ambulance dispatch to a private home was more likely to treat the victim at the scene, as opposed to transporting for further medical care. This may be because of the likelihood that the victim has someone home with them (the emergency caller), able to continue monitoring after ambulance discharge and following naloxone administration. It also reflects that at the time, the ambulance protocol was to treat the victim and leave them at the scene once stabilised.
Strengths and limitations
Limitations exist for this study. The data was collected exclusively from ambulance records and does not include information about non-fatal opioid overdoses from other non-ambulance sources. Given the demonstrated reluctance to always call the ambulance in the event of an overdose [33] , the ambulance may not serve as a complete source. Additionally, the data provided was analysed anonymously, which allowed only for an analysis of independent non-fatal opioid overdose events, not individuals. Ideally, more thorough information about the victims, such as their place of residence, specific substances ingested, injection drug use and their dose and response to naloxone could have been useful for a prehospital analysis. It is likely that the true number of non-fatal opioid overdoses is higher than what is estimated by this study, because some overdoses may not have been reported, such as if the victim was alone. Despite the limitations, this study provides ambulance data on non-fatal opioid overdoses for one of the most affected areas in Europe, and demonstrates the potential utility of ambulance data in the development of prevention work.
Implications
With non-fatal opioid overdoses being associated with subsequent fatal overdoses [9] , the need for understanding and responding to the circumstances surrounding non-fatal instances is critical. Hence, our findings may have practical implications for public health interventions aiming to reduce morbidity and mortality associated with opioid overdoses. While we observe that non-fatal opioid overdoses most often occur during late afternoon and evenings and during 'summer holiday months,' the services provided to PWID are not necessarily at peak availability at these times-on the contrary, opening hours are during the daytime and vacation for staff members at service facilities are typical during holiday seasons as well. In order to provide appropriate and 'tuned in' services, better knowledge of the local scene and flexibility to adjust service provision systems according to the periods of highest need is recommended.
Naloxone distribution programs have gained acceptance over the past two decades for their effectiveness in overdose prevention [34] , and may be particularly relevant for opioid overdoses experienced in private homes. These events may be potential opportunities for ambulance services to engage in preventative initiatives, such as peer naloxone trainings and distribution of referrals. Implementing tailored prevention programs requires the application of local-level data to the communities in which they intend to serve. Proxy information provided by ambulances can give an indication of specific times, locations and populations most affected by injection drug use. This information can be used to optimise prevention programs, as well as serve as a baseline to evaluate their efforts.
